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AN EVALUATION ON PERFORMANCE OF PCA IN FACE RECOGNITION
WITH EXPRESSION VARIATIONS
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Tém tit — Cdc phuong phdp nhdn dang mdit
nguoi dua trén vé ngoai thudng gdp cdc kho khdn
khi khuon mdt dugc nhdn dang cé sw thay doi
vé sdc thdi nhu khde, cudi, hd miéng,... Trong
truong hop nay, cdc phwong phdp nhdn dang
toan phdn c6 hiéu ndng tét hon. Bai bdo nay
trinh bay mét sé ddnh gid dya trén phuwong phdp
nhén dang toan phan trén mdt nguoi cé bién doi
vé sdc thdi, sit dung phuwong phdp rit gon sé
chiéu PCA va cdc thudt todn phdn lop. Két qud
thiee nghiém cho thdy dé chinh xdc phdn 16p tot
nhdt khi sit dung rdt it eigenvectors va thudt todn
KNN (khi k=1) cho két qud tot hon SVM.

Tir khéa: nhin dang khuén mdt cé bién doi
sdc thdi, phdn tich thanh phdn chinh, thudt
toan KNN

Abstract — Appearance-based recognition
methods often encounter difficulties when the
input images contain facial expression variations
such as laughing, crying or wide mouth open-
ing. In these cases, holistic methods give bet-
ter performance than appearance-based methods.
This paper presents some evaluation on face
recognition under variation of facial expression
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using the combination of PCA and classification
algorithms. The experimental results showed that
the best accuracy can be obtained with very
few eigenvectors and KNN algorithm (with k=1)
performs better than SVM in most test cases.

Keywords: face recognition under expression
variations, principle component analysis, KNN
algorithm

I. GIOI THIEU

Nhan dang khu6én mat (facial recognition) la
mot bai toan tiéu biu cia hoc mdy (machine
learning) va nhan dang mau (pattern recognition).
Thao tic nhan dang thudng dudc cai dit bang
mot thudt toan phan 16p (classification) dudi mo
hinh hoc c6 giam sat (supervised learning). Mot
cach téng quat, anh dau vao ludn chiu 4nh hudng
bdi mot hodc nhiéu su bién d6i so v6i anh dudc
luu trong co s& dif liéu. Mot s6 bién d6i co
thé ké dén 1a diéu kién anh sang (illumination
variation — trong d6 bao gdm huéng va cudng
dd clia ngudn sing), géc chup (pose variation),
trang diém (make-up), tudi tic (aging), biéu cam
ctia khuon mat (facial expression),... Cac nghién
ctiu nhan dang mit ngudi déu cb ging thich nghi
v6i nhiéu su bién d6i nhit c6 thé. Bai bdo nay
trinh bay két qua viéc tng dung phuong phap
phén tich thanh phan chinh Principal Component
Analysis (PCA) trong rit gon s6 chiéu dit liéu dé
nhan dang khudén mit ngudi c6 bién ddi vé sic
thdi véi nhiéu thuat toan phan 16p khic nhau. Két
qua cho thiy khi x I rit gon sb chiéu biang PCA,
thuat toan phan 16p K-nearest neighbors (KNN)
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(v6i k=1) cho két qué trong tap dif liéu kiém thit
t6t hon so vdi thuat toan Support Vector Machine
(SVM) trong hau hét thi nghiém.

II. TONG QUAN NGHIEN CUU

A. Cdc ki thudt nhdn dang khuon mdt

Céc ki thuat nhan dang khudén mit c6 thé chia
thanh ba nhém chinh: nhian dang tit anh tinh,
nhan dang tif chudi anh dong (video) va nhan
dang theo md hinh ba chiéu (v6i 4nh cta dbi
tuong dudc ghi nhan bdi mot camera hong ngoai
3D). Pham vi bai bdo nay chi trinh bay chi tiét
phuong phap nhin dang anh tinh. Cac ki thuat
nhan dang khudn mit tif 4nh tinh c6 thé chia ra
hai nhém: nhan dang dua vao dac trung (ting
phan — feature based recognition) va nhin dang
toan phan (holistic).

1) Cdc ki thudt nhdn dang dva vao ddc trung
(feature based): Trong céac ki thudt nay, ngudi
ta thuong cd gang trich ra nhiing dic trung trén
khuén mat nhu miii, mat, miéng, chan may va
tinh méi lién hé vé hinh hoc gifta cic diém nay,
sau d6 rit gon anh dau vao bang mdt vector biéu
thi diic trung hinh hoc ctia khudn mit. Tiép theo,
chiing ta st dung céc vector nay d€ so khép trong
bd nhéan dang. Cach rit trich dac trung khudn
mit st dung trong nhiéu phuong phdp khic nhau
dudc biéu dién trong cac Hinh 1 va 2. Niam 1993,
Brunelli va Poggio [1] x4y dung mdt mo hinh
nhén dang gdm 35 dic trung hinh hoc ctia khuon
mat t mot ¢o s dit liéu khuoén mat cia 47 ngudi.
Mo hinh nay cho tan sb nhian dang khoang 90%.
Nam 1996, Cox va cong su [4] xy dung mOt mo
hinh phiic tap hon 1a st dung mdt vector 30 chiéu
trich xuat tif mo hinh 35 dic trung va cho tan s6
nhan dang dén 95%. Mot cich tiép can khic 1a
st dung d6 thi co gian (elastic bunch graph) dé
bi€u thi dic trung ctia khudn mit [2], mot s6 diém
chuin trén khuoén mit dudgc chon, cic canh nbi
céc diém chuin ndy sé& tao thanh mot do thi dang
luéi bao trum hét khuoén mat, khi c6 mot khuodn
mit méi can nhan dang, d6 thi cho khudn miit
méi sé dudc hinh thanh bang thuit toan Elastic
Bunch Graph Matching. Phuong phap nay cho do
chinh xdc 1én dén 98%. Nhung cich tiép can dé
hon da dudc dé xuét bsi Liposcak va Loncaric
[3] v6i vector 21 dac trung st dung phuong phap
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Hinh 1: a) Cé4c dic trung hinh hoc - (Nguon:
Theo R. Brunelli va T. Poggio [1])

b) M6 hinh 35 dic trung - (Nguén: Theo I. J.
Cox va cong su [4])

¢) Lu6i cac dic trung - (Nguon: Theo L. Wiskott
[2])

d) M6 hinh 12 diém dic trung - (Nguon: Theo
Z. Liposcak [3])

e) M6 hinh 21 vector dic trung — (Nguén: Theo
Z. Liposcak [3])

loc subspace filtering va cho do chinh xac khoang
90%.

Céac phuong phap nhan dang dua trén dic
trung, do chi trich xult cdc dic trung ting phan
cta khudn mit, c6 uu diém 1a manh mé véi su
thay d6i cta vi tri khuén mit trong anh, kich
thudc clia anh ciing nhu huéng va diéu kién anh
sang va téc do so khép khi nhan dang nhanh. Tuy
nhién, khé khan cua cac phuong phap nay 1a su
phtc tap trong céc thao tac xit 1 anh d€ trich xuét
cac dac trung va xac dinh miic dd quan trong cia
ting dac trung.

2) Cdc ki thudt nhdn dang toan phdn (holistic):
Ki thuat nhan dang toan phan dung toan bd khuon
mit d& lam dif liéu dau vao. D€ nhin dang,
ngudi ta thudng dung cac thuit toan may hoc
nhu SVM (Support Vector Machine) [5], mang
Neuron, KNN (K nearest neighbors — K lang
giéng gan nhit)... Thong thudng, ching ta phai
ding mdt ham do dd tuong tu gitta hai d6i tugng
dit liéu, phS bién nhét 12 khoang cach Euclidean
(Euclidean distance). Tuy nhién, do anh c6 sb
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chiéu 16n (trén dusi 100x100) nén can c6 mot
phuong phdp rit gon sd chiéu d€ dua di liéu
vé mot khong gian c6 sd chiéu nhd hon so vé6i
khong gian gbc va tién hanh cic thao tic nhan
dang trén dit li€u méi nay ma khong anh hudng
dén két qua phan 16p (thAm chi mang lai hiéu
qué cao hon khi tién hanh trén khong gian géc).
Hai phuong phdp rit gon sd chiéu thudng dudc
st dung la PCA (Principle Component Analysis)
[6], [7] va LDA (Linear Discriminant Analysis)
[8].

Uu diém ctia phuong phdp nhan dang toan
phan 13 14y toan bd dif liéu ctia khudn mit 1am
dit liéu nhan dang, trdnh mét mat thong tin. Tuy
nhién, diéu nay ciing han ché khi mot s6 phuong
phap xem rang tit ca pixel trong anh déu cé do
quan trong nhu nhau. Hon nita, d phuc tap tinh
toan khi tinh do tuong quan gitta toan bo cac anh
ciing rit cao ciing nhu hiéu ning ctia nhan dang
khi diéu kién 4nh sdng, géc chup thay déi ciing
khong tot.

V6i dit liéu mét ngudi c6 su bién dSi v& sic
thai, ching t6i cho ring su sai biét giita phan clia
khudn mit tao nén cdc sic thai khac nhau, vi du
nhu miéng va mit cia mot ngudi khi cudi sé rit
khéc biét so véi khi khoc. Do d6, ching ta sé rat
kho tim dugc su tuong quan khi st dung phuong
phap nhin dang dya trén dac trung. Ngudc lai,
khi st dung phuong phap nhian dang toan phan,
cdc bién d6i vé sic thdi nay dudc ki vong khong
4nh huéng nghiém trong dén do do su tuong tu
gitta cdc anh. Néu chiéu 1én khong gian toa do,
ta ki vong rang cac anh ciia cung mot ngudi voi
bién d6i sac thai khac nhau van nim gin nhau.
D6 1a 1i do ching t6i chon PCA d€ xu 1i trudng
hop anh khudn mit c6 bién ddi siac thai, vi PCA
1a phuong phdp riit gon sd chiéu nhung vin duy
tri sy phan bd cta di liéu rat tot. Bai bio nay
nhiam danh gia hiéu ning cia phuong phap PCA
va so sanh gitta thuat toan KNN va SVM trong
phan 16p dit liéu mat ngudi c6 bién ddi sic thai
trong mot s kich ban khac nhau.

B. Phuong phdp PCA (Principle Component
Analysis)

Phan tich thanh phan chinh (Priciple Compo-
nent Analysis — PCA) dudc dé xuit 1an dau tién
bdi Karl Pearson vao nam 1901 [8] va dugc tng
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dung trong cic linh vuc khic nhau duéi nhiéu
tén goi khac nhau. Trong phan tich dit liéu, PCA
dudc st dung rong rai dé€ kham pha dit liéu (data
exploring), rut gon dit li€u (data reduction), nén
dit liéu (data compression) d6i v6i dit liéu c6 sb
chiéu 16n, khé truc quan héa va tinh todn.

Muc dich chinh ctia PCA 1a gidm sb chiéu dit
liéu véi cdc muc ti€u: 1) tim mot khong gian méi
v6i sb chiéu it hon so v6i khong gian gbc nhung
van giif dudc kha ning biéu dién phan bd cta dit
liéu tuong duong hoic tét hon trong khong gian
cil, tifc 12 ddm bao do bién thién (variability) ctia
dit liéu trén s chiéu méi; ii) cic truc toa do trong
khong gian méi phai truc giao véi nhau va dudc
tinh toan duva vao dit liéu quan sat dugc & khong
gian ci; iii) ki vong dét ra v6i khong gian méi
12 tinh tuong quan cta dif liéu dugc thé hién tbt
hon trong khong gian gbc. Nhu viy, ta phéi tim
cdc vector tryc giao w sao cho khi ta chiéu dit
liéu 1én cac vector nay thi phuong sai cua dit liéu
dudc tbi da hoa.

V6i X 12 ma tran dif liéu gbc ta mudn téi da
héa Var(w? X), véi rang budc llwll=1, bai toan
tdi da hoa trén c6 ham muc tiéu J(w)=Var(w! X)
(D

Theo cong thiic clia phuong sai, ta c6 thé thé
vao (1), v6i p 1a trung binh cta X

Jw) = EWI'X — wlp)? = Bw!'X -
W) (XTw—p'w) = WTE(X —p)(X —p)Tw =
wl's

v6i Y= E(X-p) (X-p)" 12 ma tran hiép phuong
sai.

V6i muc tiéu 1a cuc dai héa J(w) theo bién w,
v6i w dugc chuin héa sao cho thda rang budc
llwll=1, diéu nay c6 thé dugc giai quyét bdi thao
tac tdi wu héa Lagrangian v6i cdc rang budc di
néu: L(w,\)= w! cw-ANw? w-1).

Tao phuong trinh L' (w,\)=0 v6i L' (w,)\) la
dao ham cta L(w,)\) theo bién w, ta c6:

OL(w, \)
0Lw
Liic niy, muc tiéu ctia bai todn trd vé tim bién
w thda man Yw = Aw. Dua vao dinh nghia cia
eigenvector va eigenvalue, ta thiy, muc tiéu 13 tim
cdc eigenvector w va eigenvalue clia ma tran hiép
phuong sai . Véi dit liéu c6 n chiéu, ta c6 thé tim
dugc n eigenvector va n eigenvalue. Tuy nhién,

=22w—-22Aw =0« Yw=\w



TAP CHI KHOA HOC TRUONG PAI HOC TRA VINH, SO 30, THANG 6 NAM 2018

ta khong can st dung hét tit ca cc eigenvector
ma chi can chon mdt sb eigenvector sao cho tai
d6 eigenvalue dat mot gia tri tuong d6i cao. Piéu
nay c6 thé thuc hién bang cach sip xép lai cac
eigenvector theo thif ty gidm dan cta eigenvalue
tuong ung, sau d6 chon ra n eigenvectors dé dai
dién cho khong gian méi, véi n rat nhd so sb
chiéu ctia khong gian gbc. Ta goi cdc eigenvector
dudc chon la FeatureVector, vay:

FeatureVector = (eigy, eigaeigs. . . €igy,)

C. Thu thudt Gram Matrix

Gia su ta c¢6 b di liéu anh véi kich thudc
200x200 (40.000 chiéu), vay kich thudc clia ma
tran hiép phuong sai ¥ = F(X — pu)(X — p)T
12 400002. Trong thuc té, ta khong thé khdi tao
mot ma tran c¢6 sb chiéu cyc 16n nhu vay khi lap
trinh. Hon nita, v6i tap dit liéu c6 N mau (N rat
nhd so v6i sb chiéu ctia di liéu), ching ta chi
can t6i da N-1 eigenvectors. D& gidi quyét vin
dé nay, ta st dung thii thuat Gram Matrix.

Ta biét ¥ = E(X — u)(X — p). Ta phai giai
bai toan tim v va A sao cho: ¥ v= A v < XXT
V= v

Nhén ca hai vé cho X7 ta c6: XT XX v=\
X v.

bit o = X7 v, ta duge: X7 X' = \v'. Vay,
bai todn dudc dua vé tim eigenvector v’. Ma trin
XT X duge goi 1a ma tran Gram. Kich thuéc
ctia n6 khong phu thudc vao sd chiéu cia dit liéu
nhung phu thudc vao s6 maiu dit liéu trong bo dit
liéu dao tao. S chidu ctia né bang NxN, véi N
12 s6 d6i tuong dit lidu trong tap dif liéu.

Vay, thay vi tim cdc eigenvectors v cho mot
ma trin hiép phuong sai khéng 15, ta chi can
tim cdc eigenvector v’ cho ma tran Gram c6 s
chiéu NxN. Nhu viy, ta chi can tim tbi da N-1
eigenvector dé biéu dién khong gian mdi. Vin dé
con lai 12 1am sao phuc hdi lai dudc v tir v’

Ta co:

XXTy = v (1)

(2)

Thé (2) vao (1) ta dudc Xv'=/ v, vy v=XV' (ta
khong quan tim dén hiang s6 A von kéo dai v ra
A lan, vi lIivli=1)

o' =XTy

64

KHOA HOC CONG NGHE - MOI TRUGNG

III. CAI DAT THUC NGHIEM

Thi nghiém dudc cai dit bang Matlab. Dit
liéu thit nghiém dugc léy tt by dit liéu Face
Expression Database (CMU AMP Lab) [9] bao
gdm anh guong mit cia 13 ngudi khac nhau véi
nhiéu nét biéu cam khac nhau, mdi ngudi c6 74
anh v6i kich thuée 64x64 pixels (Hinh 2). Thi
nghiém dudc tién hanh nhu sau:

Budc 1: Chon 5 anh dau tién cta mdi ngudi
lam dit liéu dao tao, vay tép dit liéu Dtraining co
13x5 = 65 anh.

Bud6c 2: Thuc hién PCA trén tip Dtraining dé
tim céc eigenvector va eigenvalue, ta c6 tat ca 65-
1= 64 eigenvectors va eigenvalues, anh cla cic
eigenvector dau tién thé hién trong Hinh 3.

TEEEIIIIIIIT
IIIIISSaREEG
4 » 4 4 J ’ ) Ly 4 4 n n
EEEEITITIILE
Y Ay Yoo Ate - ie— Aye HyEYe- MY}
ETIITITITTTLALL
R R A,

7 4’ 7 ’ )
o de e de bbbt b i
, s 5 , ) ) ! s
Hinh 2: M6t s6 anh trong bd dit liéu thi nghiém
(Nguon: Electrical & Computer engineering [9])

Budc 3: Ly 3 eigenvector quan trong nhit (c6
eigenvalue 16n nhit) biéu dién khong gian méi.
Vay, dit liéu dugc rit gon tir 64x64=4096 chiéu
xubng con 3 chiéu.

Bué6c 4: Chiéu tap dit liéu dao tao 1én khong
gian ba chiéu vira hinh thanh, ta dudc 65 mau
dit liéu ba chiéu. Hinh 4 thé hién phan bd clia
cac mau di liéu dao tao ba 16p 1, 2, va 3 trong
khong gian ba chiéu. Dé thiy, trong khong gian
da rit gon, phan b clia cac dbi tugng tuong dbi
tach biét gitta cac 16p.

Budc 5: Dung tdp 13x69 anh con lam tap di
liéu kiém tht, ta ciing rit gon bo dit liéu nay bang
cach chiéu 1én khong gian ba chiéu di chon. Phan
bd ctia toan bd 3x75 anh clia ba 16p dau tién khi
chiéu 1én khong gian ba chiéu dugc biéu dién &
Hinh 4. Ta c6 thé thiy anh ctia ba 16p phan bd
& ba cum phan biét rat 16 rang. Piéu nay ching
t6 khong gian mdi, di chi ba chiéu, thé hién su
bién thién cta di liéu rit tot va c6 thé 1am ting
hiéu qua phan 16p.
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Mean v vz
e ]
V4 V& Ve
' .
va va vio
viz Vi3 V14
- -
Hinh 3: Anh trung binh va

eigenvector.
(Nguon: Két qud thi nghiém)

anh cua cac

Hinh 4: a) Hinh chiéu trong khong gian ba chiéu
cua dit liéu dao tao ba 16p 1, 2 va 3

b) Phan bd ctia tit ca cic anh thudc ba 16p 1, 2
va 3

(Nguon: Két qud thi nghiém)

Budc cudi cung 12 st dung thuat toan KNN dé
phan 16p: dua vao khoang cach Euclidean trong
khong gian ba chiéu, ta c6 thé gin nhin cho mot
4nh dang xét dua vao nhan chiém da sb trong k
lang giéng gan nhét ctia né. Do sb 16p tuong ddi
16n, khi st dung k>1 sé gy tinh trang canh tranh
gitta cac nhan di liéu dudc géan, do dé chung tbi
chon k=1 trong tit ca thi nghiém.

IV. KET QUA THUC NGHIEM VA
THAO LUAN

A. Lua chon sé eigen vector toi wu cho PCA

Dé€ chon s6 eigen vector tdi uu cho PCA, chiing
toi thii nghiém thay d6i s6 eigen vectors tif 2 dén
30 va st dung hai thuat toan KNN va SVM dé
phén 16p va dudc két qua nhu trong Hinh 5. Thuc
nghiém cho thly PCA khong can qua nhiéu eigen
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vectors dé tdi tao di liéu nhung van ddm béo
tinh chinh x4c cta phép phan 16p. Trong tit ci
64 eigenvector c6 dugc tu bd dit liéu dao tao, véi
thuat todan KNN, ta chi can sit dung 4 vectors dé
c6 dugc két qua tot nhit, tuy nhién vé6i thuit toan
SVM khi ting sb eigenvector 1én trén 10 vectors,
hiéu ning phan 16p sé& giam dan.

0.95 —&— PCAKNN |
—+— PCA-SVM

0.94 B

093

0921

0.91 \ \ \ , \ , \ \ \ \ ,
2 3 4 5 6 7 8 9 10 15 20 25
#eigenvector

30

Hinh 5: D6 chinh xdc phan 16p khi st dung sb
eigenvector khac nhau.
(Nguon: Két qud thi nghiém)

B. Cdc ddnh gid hiéu ndng trén tdp dit liéu
khong dady di

Dé dénh gid hiéu ning cia PCA trén cic bd
dt liéu khudén mat khong hoan chinh va véi cac
thuédt toan phan 16p khac nhau, chung téi tao
cac bd du liéu khuén mat méi dya vao tap di
liéu AMP. Trong d6, tit ca cic 4nh s& dudc che
mot phan bang mau den hoic thém nhiu ngiu
nhién theo ca hai huéng diing va ngang, tén va
vi du cdc bd di liéu dugc thé hién trong Hinh 6a
(con sb trong tén bd dii liéu thé hién s cot/dong
bi che).

Sau khi tao bo dir liéu khong hoan chinh,
ching toi thyc hién theo quy trinh da mo ta &
trén va phan 16p theo bing ci hai thut todn
KNN (k=1) va SVM. D6 chinh xac cda cac thao
tac thé hién & Hinh 6. Dbi véi 4nh bi che theo
chiéu ngang, trong c4 hai trudng hop khi bi che
khoang 30% phia trén, ca hai thuat toan déu cho
két qua trén 90%. Khi ting phan khuén mit bi
che 1én dén 50%, d6 chinh xdc ctia b anh bi che
bang nhiéu ngiu nhién giam di dang ké, dic biét
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.
O lag

CEE Tenza a2

c) d)

C T =

Hinh 6: a) Anh khuon mit che bang nhiéu ngiu
nhién; so sanh dd chinh xac phan 16p véi di liéu
khuon mait bi che ngang biang mau den (a), che
ngang bang nhiéu ngau nhién (b) va che bén trdi
bing nhiéu ngiu nhién (c)

(Nguon: Két qud thi nghiém)

la véi thudt toan SVM. Con dbi véi bo anh bi
che theo chiéu doc bén trai, khi phan bi che 1én
dén 25%, thuat toan KNN van cho dd chinh xdc
trén 90%, trong khi SVM chi cho d6 chinh xac
khoang 80%.

Nhin chung, két qua thuc nghiém cho théy
thuét toan KNN cho hiéu ning phan 16p khuon
mit t6t nhit khi k=1 va trong phan 16n trudng
hop KNN déu cho két qua tt hon SVM. Déi véi
céc bo dit liéu khuon mat khong hoan chinh, dé
thiy truong hgp khudn miit bi che theo chiéu doc
anh hudng 16n dén kha ning phan 16p hon trudng
hop viing khuon mit bi che theo chiéu ngang va
ving bi che bang nhiu ngau nhién sé anh hudng
Ién hiéu ndng phan 16p 16n hon so véi bi che
biang mau den.

V. KETLUAN

Bai bao nay trinh bay mot phuong phap htu
hiéu d€ nhan dang khuén mit c6 dd chinh xac
dang k€ khi thuc thi trén bd di liéu khuoén mat
c6 bién d6i vé sac thai. Thuc nghiém chiing to
khi st dung PCA d€ riit gon sb chiéu va dua di
liéu gbc vé mot khong gian it chiéu hon, phan bd
cta dif liéu vin dam bdo tinh bién thién nhu ki
vong. Pic biét v6i bd dit liéu anh c6 bién ddi vé
sac thai khuon mit, dit lidu dudc rit gon thudc
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céc 16p khic nhau phan b6 & cac cum rat rd ring
va tach biét trong khong gian mdi, diéu nay giip
tang hiéu qua phan I6p so véi trong khdng gian
gbc. Khi tién hanh phan 16p vé6i hai thuat todn
KNN va SVM, thuit toan KNN véi k =1 cho két
qua tot trong hau hét trudng hop. Sau khi thuc
hién PCA, do phtc tap tinh toan giam di dang
ké (v6i bo di liu tht nghiém, c6 thé gidm tur
4096 chiéu vé ba chiéu), nho d6 c6 thé dé dang
cai dit & cac thiét bi c6 hiéu niing tinh todn thip
va can thoi gian dap tGng nhanh. Tuy hiéu ning
phan 16p & céac trudng hgp dir liéu khong hoan
chinh van chua cao nhung su két hop gitta PCA
va KNN vén 12 mot cich tiép can rit dang quan
tam nghién ctfu nhu mo6t mo hinh tham chiéu
trong cac nghién ciiu nhan dang mat ngudoi.
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